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In oxder Po survey wodland soils f o r  q u a n t i t i e s  of ammonium-N 
and n i trate -N,  and to investigate t h e  possibilities of using Such 
measuxements to estimate rates  of mmonif i c a t  ion and ni tr i f i cat ion ,  
w e  xequire rapid methods for the quantitative estimation of 
ammonium-N and n i t r a t e - N  in such so i l s .  This paper presents 
t h e  results of t e s t s  in which colorimetric methods were used 
to determine ammonium-N and n i t x a t e - N  in soils from two local 
woods. These soils xepresent the  extreme humus layer t y p e s ,  
mu11 and mor, found in woods of the  southern L z k e  Dis tr ic t ,  
The problems in this type of work are (a) choosing a suitable 
extract ant , (b) determining ammonium-N in the solution after 
ext xact ion,  and (c  ) determining nitrate-N in the solut ion aft  ex 
extraction. 
(a) Choice of extxactant 
In general, the preparation of extracts for c o l o x i m e t x i c  
determination of a m m o n i u m  or n i t  rate in so i l s  presents 
special problems, because it is 'necessary t o  obtain c lear ,  
colourless extracts which do not contain subst 2nces that 
i n t  erf ere with  the colorimet r i c  methods available,  Some 
colour in the extracts can be tolerated as long as t h i s  colour 
has a low light absorbance at the  l ight  frequency used for 
measuring t h e  absorbance of the reaction colour. There 
are also problems associated w i t h  the nature of the i o n  to 
be extracted. Thus, many s o i l s  have the  capacity to f i x  
ammonium, i . e .  to absorb ammonium in such a way that it is 
not readily exchangeable. The extent to which this 
ammonium can be removed by cation-exchange m e t h d s  depends 
very largely upon t h e  nature of t h e  ca t ion  employed. 
Furthermore, several workexs have shown that the release of 
f i x e d  ammonium is blocked effectively by the presence of 
a small amount of potassium in the reagent used to effect 
release. These problems are reviewed by Bremner (19651, 
who noted that , in practice,  m o s t  workers have found it 
convenient to def ine  f ixed ammonium in soil as ammonium 
which is not extractable by 1 N potassium c h l o r i d e  at 
laboratory temperatures, although Bremnex s ta ted  that ,  in 
h i s  awn laboratory, 2 N potassium chloride w a s  used. 
In the  past ,  met hods employed for the ext xact  ion of n i t  rate 
from soils were developed on the assumption t h a t  n i t ra te  
is not held by t h e  s o i l  col lo ids ,  and can be readily extracted 
w i t h  water,  T h i s  assumption may not  always be v a l i d ,  
because it has been found that  some s o i l s  have a significant 
anion-exchange (or anion-retent ion)  capacity. 1 N ox 2 N 
potassium chloride s o l u t i o n  can be used to extract soil 
nitrate, and would allow both ammonium-N and n i trate -N 
to be determined on t h e  same extract . A method which has 
been found very s a t  isf act oxy f o r  the extraction of n i t  rate 
is to nhake the soil w i t h  water conta in ing  calcium oxide 
or potassium aluminium sulphat e (Bremner, 1965 ) . 
(b) Determination of ammonium-N , . 
Until recently, ammonium-N w a s  commonly determined by one 
af- .the s t  earn-aist illation methcds (Bremner , 1965 k. However, 
- these methods are not  very convenient to use, particularly 
i f  a . l a x g e  number of Samples must be processed, and in 
recent years ;there has  been a trend towards the use of 
coPoxlmetr%t: methgds., This trend has -been associated w i t h  
the- rise of aat m a t  ic ' e q u i p ~ e n t  such as the .Pye Unicam K 6 0  
Chemical P2ocessidg %it. In' bur t e s t s ,  -we used a 
modif idatdon of the Pye Unicam method for determination of 7 
ammonium-h f n giant  ext rac t  s . This method' depends upon the 
formation of the blue dye,  indophenol. T h e  light absorbance 
of t h i s  dye. is measured at 564 nm, a d  at t h i s  frequency 
l ight  absorbance by cblcur which might be extracted from 
- s o i l  organic matter is not  l i k e l y  to cause serious intex- 
ference. 
(c) Determination of nitrate-N 
Ssf 1 n i t  rate-N was orig inal ly  determined by S t e a m  d i s t i l l a t  ion, 
as -in the  case of b o n i u m - N ,  ' Subsequently colorimet wic 
methods were.deveJopedt, the  mast widely used of thesg being 
t h e  phenofdisulphonic acid method (Bremhex, 1965). However, 
the phenoldisulphonic acid m e t  hod has cert aSn disadvantages 
, when used w i t h  s o i l s ,  e.g; it is tedious and time-consuming, 
and it is subject f o interference by chloride and n i t r i t e  
ions,  West and Lyles (1960) developed a pxocedure f o r  the 
determination of n i t  rate in water samples using the s d i u m  
salt of chromot ropic acid (4,5-dihydroxy-2,7-naphtha1ene 
disulphonic acid)  for coloux foxmation. S i m s  and Jackson 
(1971 ) adapted t h i s  method for use w i t h  ' s o i l s ,  part iculaxly 
w i t h  regard to f e r t i l i z e r  studies in agxicultural s a i l s .  
There does not s e e m  to be any information in the l iterature 
on th& use bf this method fox woodland soils, and so w e  
have used t h i s  method in the t e s t s  described beldw, - 
Other problems occur in handring and stoxage'of soi l  samples, 
because changes in amounts of ammonium-N and nitrate-N occur in 
soils during storage (Brewer, 19653. Many of these changes 
are biological, but? storage b e l o w  -0 C is apparently not  suitable, 
because of freezing and thawing effects ( A l l e n  'and Gximshaw, ' 
1962). It is evident that determinations of n i t r a t  e - N  and 
amonium-N should take place by t h e  day after the samples are 
collected, or at l eas t  the extracts should be gre ared by that 
time. Overnight, so i l s  can be stored at about 2 2 1 degree. 
. , k 
If it is not possible to determine the n i t  rate-N and ammonium-N 
contents of the  extracts immediately after ex$raction, it may 
be necessary to store t h e m  overnight at ~ O C  2'k degree, although 
t h i s  should be a v c i d d  if possible, as changes may occur4in_ t h e  
extracts during storage, Bremner '(1965) copnienta that the 
possibility that det exminat ions of exchangeable h n i u r n  and 
- nitrate  in soils may be invalidated by knzymatJc ae&ct1f=s duxing 
preparation or storage of extracts appears to have been over- 
looked. This possibility should not be ignored, because sails 
are known to contain enzymes capable of transforming ni t  rogerr 
compounds, Bartholomew (1928) found that bxidation of n f t r i t e '  
to n i t  rate occurred during a-s ext ract$m of sof 1s - iut'  
nitrite a n a l y s i s . .  . k w i s  -(I961 ) fbud that biological loss of 
ni trate  occurred when. aqueous suspensions of soils were. stared 
for a f e w  houxs before analysis .  He also showed that t h i s  loss 
did not occur w i t h  sterilized soils ,  and it could be prevented 
in unster i l ized .soils by use of 0.02 N cupric sulphate for 
extraction of nitrate ,  
Var ious  reagents (e.g. toluene, c h l o r ~ f o x m )  known to i n h i b i t  
ox retard microbial growth and ac t iv i ty  hava been used t o  supress 
microbia'l: act iv i ty  durjng preparation or storage of so i l  extracts, 
but- l i t t le , i s  known about their efficiency. In the ir  i n ~ t x u c t i o n  
manual for' t h 6  n i t  rate ion elect rode, Orion Research ~ncbrpokated 
recommend" the  'ase of 1 0  ppm phenyl mercuric acetate as a bioA 
logical 'inliibitor in t h e  water used to make tes t  and standard 
solut ions.  - They st a t e  that t h i s  is not necessary if - soluei basL 
axe measured w i t h i n  4 hours of preparation, but, because of  the  
changes which may occur during extraction of so i l s ,  it would 
seem to be advisable to experiment wit,h the  use of an inhsbitor 
in s o i l  n i t  xate  determinations. 
2. DETERMINATION OF A m M I U M - N  
The colorirnet ric method used is based on Pye ~ n i c a m  Automatic 
Analysis Method 2 2 ,  for the  determinat ion of ammonium-N in acid 
digests  of plant material. The principle of this method is 
that ammonium ions react w i t h  hypochf or i te  to f orm.chlorarnine, 
wh3ch combines w i t h  phenol to give  p-quinonechlorimine. The 
latter reacts with another molecule of phenol forming the blue 
dye indophenol. The reaction is catalysed by sodium nitxopxusside. 
The method is extremely s e n s i t i v e .  2nd it is necessary to ensure 
tbat a l l  glassware i s  absolutely clean and that the lzboratory 
'atmosphere is free  fron ammonia. Smoking s h o ~ l d  not be allowed 
in t h e  laboratory. Deionized water is probably better than 
d i s t i l l e d  water fur rnzking u p  t h e  solutions, Because this method 
was designed for use w i t h  acid digests of plan$ material ,  tests 
were carried out to-find what modif icat ions w e x e  necessary f o x  
use w i t h  so i l  extracts .  s o m e  of t h e s e  are brief$y.describedl 
below. 
, , 
C .  Preparation br  'sail extract 
Soils w e r e  passed through a 4 mm mesh sieve in the ir  noxrn~J2y , 
moist condit ion.  A ~ u b - s a , q l e  of sieved s b i l , w a s  taken for 
determination of. mozsture con ten t .  . Preliminary t e s t s  showed 
that results for .zmonium-N extracted by 0.2W.w/v  calcium oxide 
in water w e r e  much gkeat,er after SO' minutes shsking than after , 
15 minutes, whereas wifh 2 N KC1 extractant, results  aftex 15 
and 30 m i n u t e s  shaking-were similar. Therefore, only 2 N KC3 
was used in 'further t g s t s ,  , 
. . 
, . .. . . 
(a) (ienijeht s 1 and 2 ).' phenol-sa~iuh n i t  roprusside : .  iss solve 
S ml of l i q u i f i e d  phenol and ' 2 0  mg of sodium nitro~russide 
in 200 ml of deionized water.  
) Stack hypocHlori$e s o l u t i o n  : Standardize comercially- 
cbaifzble sodium hypochlorite by adding excess X 1  and 
t i t  rating w i t h  sodium thiasulphate .  D i l u t e  the hypochloxite 
to 0.2 N (uquivzlent to a v a i l ~ ~ b l e  chlorine concentration 
of 0.75 g/100 ml), 
It i s  probably better not to keep t h i s  stock solution more 
thzn one week. 
(c) (Reagent 3). Working hypochlorite solution: ~ i l k t e  the 
stock hypochlorite so lut ion w i t h  an equal volume of 5 # NaOH. 
Standaxd solutions 
+ (a] Stock  ammonia so lu t i on  (1 rng NH4-N per ml = 1000 ppm): 
Dissolve 0.3821 g of dry ammonium chloride (3 hr at 1 0 5 ~ ~  ) 
in the extractant so lu t ion  AS YS& f o r  the soil and m a k e  up 
to 100 r n l  in a volumetric f lask,  
(b) Working  standard.^ (prepaxe freshly each dav):  1 ml of 
stock ammonia s o l u t i o n  made up to 100 r n l  with extractant 
s o l u t i o n ,  as used. for the so i l ,  in a volumetxic f l z sk  
g ives  a standard s o l u t i o n  of 10 pg NH;-N per r n l  (= 10 ppm). 
Make up an appropriatc range of standaxds. 
T e s t s  of procedure 
The method wzs designed f o r  use with a Pys Unicam S 6 0  C h e m i c a l  
Processing Unit, which is fally automatic, Light absorbance 
of the t e s t  and standard s o l u t i o n s  is determined at 564 nm, 
reagents being at 2 5 O ~ ,  The method can be adqted  for use w i t h  
an ordinary 8pect rophot met er , provided t h a t  it has automatic 
sample-changing f a c i l i t i e s ,  as -the t iming of addition of reagents 
and reading of l i ght  absorbance is cr i t i ca l .  We found it 
reasonably easy to adapt t h i s  method for use w i t h  the  C e c i l  
Spect rophotometer w i t h  a t u r n t a b l e  sample changer, but care 
must be t aken  with t h e  t i m i n g ,  and n good stopclock should be 
used, The sequence given in the Pye Unican m e t h d  is as follows: 
minutes before 
absorbance r e ~ d  
to 0.145 ml a£ 
sample add 
2.0 ml of reagent 1 
2.0 ml of reagent 2 
0.4 ml of reagent 3 
Beczuse the  n i trate  content of soil extracts is l i k e l y  to be 
very low, w e  i n i t i a l l y  increased the s a ~ p l e - s i z e  to 1 ml. To 
simplify the  procedure, reagents 1 and 2, being t h e  same, were 
combined into a single addition of 2 0  r n l ,  The volume of 
reagent 3 was increased to 2.0 r n l ,  T i m e  for development of 
maximum colour with t h i s  combination of reagents w a s  tested 
on a standcrd ammonium-N so lu t ion  
minutes a f t e r  addit i o n  % l i g h t  t rznsmission 
of recgent 3 (20 pg/ml NH;-N) 
A similar test w a s .  run w i t h  d i f f e r e n t  ammonium-N solutions:.  
Mnut ss % light t ransmission 
5 yg/ml 
, ,, 
10 yg/ml 20 pglml 
With t h i s  combination of reagents, there is evidently a plateau 
in the sbsorbance-time curve from 40 to 48 minutes ,  ?.nd probably 
from 32 to 63 minutes . 
Fox the prel9minary t e s t s ,  s o i l  w a s  collected from Meathop Wood 
at 0-5 cm depth znd., was passed thxough a 4 mm mesh sieve in t h e  
moist condit ion.  . Fxesfi s o i l  was collected for each set  of 
t e s t s .  The fresh weight  of soil used and the r a t i o  weight of 
s o i l  :volume of extr~ctant varied.  Extract i o n  of t h e  sof 1s was 
carried out w i t h  shaking. 
I n i t i a l  t e s t s  showed poor agreement between replicates,  while 
recovery of added mmonium-N w a s  general ly  much greater than 
100%. We therefore changed the proportions of t h e  reagents 
in the  colorimetric  procedure in order to gain s e n s i t i v i t y .  
Some of the e a x l y  tests z l s o  showed t h e  d i f f i c u l t y  of p l o t t i n g  
accurately a ca l ibxa t  ion curve of percentage tr~nsmission against 
ammonium-N on normzl paper, and some of t h e  errors were 
attributable to this. 
In a second series of t e s t s ,  the reagents w e r e  used in the 
following praport ions  : 
2 r n l  sample 
20 ml reagents I and 2 
2.5 ml reagent 3 
T h e  c a l i b r a t i o n  graph was .drzwn on log/noxmcl paper, which gave 
i a straight line w i t h  standaxd solutions up to 150 pg/rnl, It 
! w a s  subsequently found to be more convenient to set t h e  spectro- 
photometer to give a l o g  output,  Some results  of t e s t s  using 
t h i s  modified procedure axe given in Table 1, T h e  r e s u l t s  
obtained w i t h  t h e  spectrophotometer xecorder set to give a log 
output shou much bet t ex agreement between xeplicat es than was 
obtained when the cal ibrat ion graph was  drawn on log/noxmal 
paper and the results read from this. V a l u e s  f o r  percentage 
recovery of added 2,monium-N in Table 1 are good. 
Further tests were carried out on recovery of added ammonium-N 
added to Meathop Wood s o i l  :,nd to s o i l  from Law F e l l  w o o d ,  an 
acid s o i l  under oak. The results are shown in Table 2, Most 
of the  vzlues fox percentage of added ammonium-M recovered 
were in t h e  range 101% 2 4 ,  with two w i l d  values outside these 
limits. 
Conclusions 
The results suggest that  the Pye Unicam method can be modified 
to detexmfno -nim-N in 1 rJ or 2 N KC& extracts of soils, 
With the soils  used, t h e  results were similar aft'er 15 mgnutes. 
It is probably better to use 10 g of fresh s o i l  xather than  5 g ,  
because the sieved s o i l  is sometimes very vaxiable ,  e.g. in 
organic matter content . A s o i l  : ext xactant ratio of I :S gave 
similar results to those obtained w i t h  a r a t i o  of 1 :lo. For the  
method to be completely acceptable, it would need to be compared 
w i t h  a standard d i s t i l l a t i o n  method, but time did  not allow this 
in the present project . 
a m  
I . # I  
a b o o q o  
O'G I I I I  - * - s  4 \D v) m m Cfl 
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4 YI 4 
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Table 2. 
Recovery of ammonium-N added-to soils f r o m  Meathop Wood and Low F e l l  
Wood. Extrzcted w i t h  N K C l ,  soi1:extxactant x a t i 6  1:s 
MI+,-N NH"-M added 
. > shaking soil fresh f&nd NHZ-N Recovery 
% E~~~~~~ t i m e  (min wt (d recovered (PP~) ( P P ~ )  (ppm) 
Wood soil 
I1 Meathop Wood s o i l  
1 x 1  Lovr F e l l  Wood soil 
A horizon 
H layer 
IV Low F e l l  Wood, H layer 
la 30 1 0  - 13.8 - 9 
lb 30 10 - 13.5 - 
Za 30 10 47.0 61.7 48.0 102,. 1 
2b 30 10 47.0 60.1 46.4 98.7 
. . -.-an 300.8 
Addendum 
After -this work had been completed., a programming attachment w a s  
acquired fo r  th? spectrophotorneter. This progrsmmer enables 
repeated xezdings to be tcikan on t h e  same so!.ution at predetexnined 
t imc i n t e r v a l s  . ?Jsing f h i s  equipment ,  C . 3. Benef ield p l o t  l e d  
t h e  coloar development of a s tandard  s o l u t i o n  con ta in ing  10 ug 
MI:-N/m.l w i t h  (a) t h e  rei!gents in t h e  proportions used in our 
f i n 7 1  series  of t e s t s ,  an? (b) the reagents in the  proportions 
used:, in t h e  Pye U n i c ~ ~ m  method, b z s d  on ,,. 2 . 0  ml s a p l e ,  T h e  
r e su l t s ,  mhich z r e  shown in Figure 4 ,  show 'ihz:t the s q n s t i t i v i t y  
in ( , z )  is greater  thcn i n  ( 5 )  at t h i s  .-,.mmoni:lm-N c o n c e n t r a t i o n ,  
which is w i t h i n  the w7nge of concen t r a t i ons  found in our extrxcts ,  
F u l l  cofour development wzs rer?.ched a f t e r  15 minutes in (?,I an6 
11 x r _ i n ~ t ~ s  in (b). T h i s  ixgrees w i t h  the  t i m e  given in t h e  ?ye 
Unic2.n method. It a p p e n s  t h t  o u r  d s t e ~ r n i n ~ t i o n  of t h e  rate of 
colour fornat ion probably con-tained! 7.n erroneous reading c?. t  15 
minutes. It i s  clear from Figure th?-t  t he  colour formed 15 
m i n u t e s  z f t e r  z d d i x i o  of rre2,gents is stzbfe fo r  2.t k e a . s t  ano the r  
1 0  minutes ,  and probably longer .  T h i s  provides an adequate t ine 
margin to ?-31ow the ~ c t h o d  to 3c used in con junc t i on  w i t h  a 
sgectrophoton~tex equipped w i t h  an automatic s a q l e  changer, as 
descriSed zbove, 
Comparisons w e r e  3 ~ d . e  by C ,  B. Benacield of t h e  results  obtained 
q i t h  (a) the  colorimetric ii;cthod, and ( 5 )  the stmd2.rd stesxr-. 
d i s t i l l a t i o n  nethcd, on N K C 1  extracts of two s o i l s .  The xesults 
w e r e  2s f o l l o ~ ~ r s  : 
't cs t 
s o l u t i o n  
Soif extract (1 1 
Soil c::t rac.2 ( 2  ) 
ug IM;N/~~  found by 
coloximet r ic  s t e z m  
method d i s t  illzt ion 
mean 2.0 2.3 
These results show s~tisf~: .c-tary ngrecment between the t w o  methods. 
The colorimetric method Fppears to g i v e  a resul t  0.3 pg/ml 
(i.e. 0.3 p a . r t s  per million) lower th?m given by t h e  s t e r n  
d i s t i l l $ - . t i o n  method. 
I DETERMINATION OF NITRATE-N 
The m e t h d  of Sims ?nd Jackson (1971) w a s  used on s o i l  samples 
from Mzthop Wood ad. Low F e l l  wood. In this method, chxomotropic 
acid (CTX) forms a y e l l o w  complex w i t h  n i t x n t e ,  2nd the rezction 
colour is measured at 430 m. The precise nzeure  of the chemical 
xea-ction is unknown. Sims and Jackson used . 0.2% w / v  C a  ( O H ) 2  
solution as ext rnc"L,nt, but ns we wished to determine bath nitrate  
and mnonium on t h e  s m e  cxt ract , we s l sa  us& 1 N KC1 solution. 
We did not  lenrn of the  method of Clarke and Jennings (1965)  until 
211 our studies hzd been completed. 
Methods 
T h e  stock s o l u t i ~ n  of 0.1% w h  chromotropic zcid (CTA) was 
prepared by d i s s o l v i n g  0,184 g of CTii in 109 ml of c o n ~ e n t r ~ t e d  
W SO (SG 1.84). Becz.use  t h i s  solution darkens wi th  time, fresh 
sgocfi solution was incde up each we&. T h e  working reagent, 0.01% 
w/w CTA, w c s  prepard by di lut ing  the  stock solution w i t h  concen- 
t x z t d  H2S04.  S i m s  m d  Jmkson (1971) prep?.recP the  working 
solution of CTA by adding 10 ml concentrated E l  to 100 ml of CTA 
stock solut icn before d i lu t ing  to 1 l i t r e  w i t h  concentr.ted Ei2S04, 
as West and L y l e s  (1960) stated thzt the inclusion of Cl- ions 
in the working sa lu- t ion  increases thc s e n s i t i v i t y  of the  m e t h o d .  
We o m i t t d  the HC1 when N KC1 solution w2s us& cs extxactant . 
Working s t  andnrd solutions contzining from 1 to 10 ppm wexe  
prepared by d i l u t i n g  F stock solution,  containing 1 mg N%-N per 
ml in water, with the nppropriate ~xtxac tant  so lut ion.  
Soil extracts w e r e  px~pared  by shaking 10 g fresh s o i l  with 5 0  ml 
of extrzctant for 3 0 m i n ,  followed by f i l t ra t ion .  7 ml of CTA 
reagent w e x e  add& to 3 ml of soil extract. Mter cooling the 
atr?.ct to room temperature, light 2.bsorption w a s  measured at 
430 nm, using 7 ml of CTEI reagent plus 3 ml of extractant solution 
as e rcference, For calibxation, 7 ml of CTA reagent w e r e  added 
to 3 ml of each standard n i t r a t e  solution 2nd l i g h t  absoxption 
ViaS read zs  above. 
Recovery of add& nitrate was examined by z.dding standard ni t ra te  
solution to 10 g s o i l  samples ~ .nd  compaxing the n i t x z l t c  contents 
of extracts of these samples with those of unmended samples. 
In determining the absoxptf on spect rr: of soil extract + CTA and 
so i l  extract + H2S0 , 0.4% w/v C Z ( C H ) ~  w a s  us&, 2s Sims and 
Jackson (1971 ) foun8 rhat t h i s  concentrat ion eliminated interfering 
colour in some t e s t s .  
Results and discrr+rion 
Sensitivity WF-s gre2.ter wi th  calcium hydroxide extractant t han  
w i t h  got assium chlox ide  ext ractsnt ,  and t h e  slope change noted  by 
Sims and J~ckson  (1971 ) and by West and. Lyles (1960) w2s present 
F i g  1). In s p i t c  of the lower s e n s i t i v i t y ,  potassiumchloride 
extract ant worked qui-te w e l l  w i t h  Meathop Wood so i l  s~mples and 
high recovery of added n i t r a t e  w3.s possible (Table 3). However ,  
in some of t h e s e  samples a pink-purple colour developed after zddition 
of t h e  CTA re;.gent, and this colour interfered  with t h e  measure- 
ment of t h e  light >%sorption due to the n o r m a l  yellow colour of 
t h e  C T A - n i t r a t e  complex. Sims and J~.ckson (1971) found t h a t  
add i t ion  of s u f f i c i e n t  n i t r a z e  to the s o i l s  to give 2 ppn in 
the ex t rac t s  prevented the  development of t h e  interfering colour. 
In rn?.ny of o u r  t est s , s u c h  L rer~trcent prevented the development 
of this colour, SuL in o t h e r s  t h e  colour pers is ted .  
The  calcium hydroxide extracts of ,?.I1 the s o i l  samples w e x e  
h igh ly  coloured, presumz.hly 8 . u ~  to extrzction of organic sub- 
st anczs such as hurnic acids, Although t h i s  co louxa t ion  could 
be 2llowed f o r ,  to some e x t e n t ,  5 y  b l ~ n k s  c o n s i s t i n g  of s o i l  
extract w i t h  w ? . t e r  :+.dd,cd ins tead  of r e q e n t s ,  t h e  results  were 
u n s a t i s f ~ c t o r y  in t h a t  recovery of adeec? n i t r a t e  was low 
(Table 4.1, ?.nd addi-t ion of n i t r a t e  to - the  s o i l  samples l o  givc 
2 ppm in the extract  general ly  produced 2 lower l i g h t  absorbance 
than w 2 , s  obtained for  t h e  2 ppm standard s o l u t i o n  alone, 
The d i f f i c u l t i e s  wz experienced w i t h  i n t e r f e r i n g  colours, both 
t h e  pink .purple xezct ion colour and the coloured m z t e x i 2 . l  
ex trx ted  f ron s ~ i l  by c?lcium hydroxide, caused us to study the 
l i g h t  ~ b s o r p t i o n  spectra of the xesgents  and  extracts. The 
cbsoxpt i o n .  spect xn of the y e l l o w  CTA-NO, complex given  by Sins 
2nd Jackson (1 971 ) show a peak in absow&%llce nt  430 nm, However, 
their spcct x;. d id  not go 5elok~ 350 nn, *?.nd 2.t t h z t  frequency , 
2.bsorbance 1vi.s st i l l  r i s i n g ,  We therefore ex.3mined t h e  
?.bsorpt ion spect r?. of Law F e l l  Wood ex'c r ~ c t  s a f t e r  reacting 
with e i t  hex C T k  reagent or concent  r? t d  sulphuric acid alone, 
(Figs, 2 and 3 ) .  Low F e l l  iJood samples w e x e  used as these had 
given us c o n s i s t e n t  form%tion of t h e  pink-purple colour.  It 
is cle2.r from Figs. 2 :.nd 3 th?, t  t h e  maximum nbsoxbance does not 
occur 2t 430 nm (Sfms 2nd J:,ckscn, i971), but 47&' 360 to 320 nrn 
(West and L y l e s ,  1960, Clarkc srzd Jennings ,  1965), It is 
noteworthy t h a t  ?A v e r y  large  part  of the  l i g h t  zb~arbance  is 
due to s o i l  extract plus su lphur ic  zcid only, i.e, the bnckground 
calour is in excess of the reaction colurlx. 
CX x k e  2nd Jennings (1 9 6 5 )  usc4. -khc chromot ropic acid method 
on 0.02 N copper sulph;3te e x t r ~ . c t s  of soils w i t h  o x g i m i c  carbon 
con-tents  of 2 to 6%- They found t h n t  colloiclal organic matter 
must be removed f r o m  the> extract Sef ore chromot ropic acid is 
zdded. They d i d  t h i s  by precipi ta t ing copper hydroxide from 
t h e  cxtxacts  as reconnendeci by Harper (1924) and Lewis (1961). 
However, Clarke 2nd J e n n i n g s  noted t h a t  so luble  orgznic matexixls  
m2.y interfere by react ing w i t h  chromot ropic acid. 
T h e  above results s h a v  t h a t  difficulties may be encountered when 
the chromotropic acid method of Sims and. Jackson (1971) is used 
'on woodland so i l s ,  D i f f i c u l t  ias were encountered d.ue to: 
(a) background call.xr in caLcium hydroxide extracts ,  (b) t h e  
formation in a13 t h e  nor samwles, and ma.ny of the  mull samples, 
of a persistent  pink-purple  colour which masked t h e  xeact ion  
colour, and ( c )  t h e  -?,nomalous recoveries of n i t r a t e  added to the  
rnor sunples. These  d i f f i c u l t i e s  zppezw to zrise from the 
greater content  of organic rn3tter in t h e s e  woodland s o i l s  t h a n  
in- t h e  ~ g f i c u l t u r ~ . l  s o i l s  f o r  which +the method h2.s been used 
(Sims qnd J?.ckson, 1971 ).  The  n ~ . t u r e  of t h e  s o i l  orga-nic 
matter m a y  zlso be i ' hpo r t an~ .  Background colour due to 
colloidal. c x g ~ . ~ i c  m a t t e r  can be removed, but reactions between 
soluble o r g x i c  n?.tter and chromotro~ic  acid may occur. 
C o n c l u s i o n s  
The lack of kncwlcdge of t h e  pxecise chemic?.l react i o n  ( s  ) 
involved in t h i s  method, together with t h e  d i f f i c u l t i e s  
expexicncedin our  t e s t s ,  i n d i c a t e  t h a t  more work is n c d e d  
on this method if i+ Is to 'ae used on woodland s o i l s .  Fur ther -  
more, t h e  fact 2h7t concentrated sulphuric acid is used as 
a solvent m,-.kes t h e  method una t t r ac t i ve  "c use on a. xoutine 
basis. The Orion n i t r a t e  elect roGc srcms to be prcf erable 
for the purpose of r a p i d l y  de t e rmin ing  n i t r a t e  in so i l  extracts 
for n i t r i f i c a t i o n  studies. 
The authcrs  thznk M r .  C . B. Benefield f o r  discussion on various 
aspects of t h i s  work. 
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Tab le  3 .
Recovely of nitrato t\dded -to l ! ' te:rthop Vtrood soil ,  usinq N KCl
ext ra ac i a n1:
NOi-N PPm OD basis
Sanpie addocl detected % recovery
1  0  7 . r
28 .1  35 .2  100 .3
2 o
97  , 7
2 I . 5
1 r5 .7 97 .O
Tab le  4 .
Recove ly  o f  n i t ra te  added  to  Low Fe11  Wood  so i l ,  us ing  Ca(OH)2
ext lact ant
NO:-l\ pDm OD basis
Sample e-dded detected % TecowetY
1  0  8 .2
29 .2  27 .?  65 .4
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